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A METATIURGICAT, INVESTIGATION OF TWQO CONTQUR—FORGED
GAS—TURBINE DISCS OF 19-9DI. ALIOY

By J. W. Freeman, E. E. Reynolds, and A, E. White
SUMMARY

Tt hes been found that the properties of heat—resisting alloys are
dependent to a large extent on the conditions of fabrication. Bscause
the large size of certain gas—turbine rotors has' introduced fabrication
procedures for which information is not avallasble, a research program
was begun at the University of Michigan to ascertain the properties of
the better alloys in the form of large forglngs.

On the basis of prior Investigations of bar stock and a cheess
forging, 19-9DL alloy was thought to have sultable properties for the
discs for the rotors of gas turbines for Jet engines. Arrangements were
made to have a seriles of such discs forged by The Canton Drop Forging
and Manufacturing Company. Two of these discs, differing in that one
was hot—cold—worked at 1650° F and the other at 1250° F, were cut up for
experimental purposes. One—quarter of each disc was supplied to the
University of Michigen for investigation for the NACA., The principal
obJjects of this investigation were to determine the level of properties”
developed in large contour forgings of 19-9DL alloy, to evaluste the
effect of the temperature of hot—cold—work in these large forgings, and
to show the degree to which the properties of bar stock could be repro—
duced in large forgings. -

Analysis of data indicated that when processed under similar condi-—
tions the properties of 19-9DL bar stock are reproduced quite well in
the large forgings. The relative properties of the discs of 19-9DL and
discae of other alloys depended on the heat treatment and hot—cold—work
during forging as well as on chemical composition,

INTRODUCTION

Alloy 19-9DL is one of the lower alloyed materials which has been
developed for high—tempsrature service. Properties obtained from bar
stock and a large cheese forging have indicated that the alloy was
suitable for rotors for the gas turbines of Jet engines for aircraft.
(See reference 1.) For this reason large contour rotor forglngs for a
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Jet engine were manufactured for experimental purposes at The Canton
Drop Forging and Manufacturing Company.

Prior experience with the alloy, and with other similar alloys, had
shown that 1ts properties depend to & large extent on the processing con—
ditions and heat—treating history during fabrication, For this reason
one forging wase prepared with hot—cold-work at 1250° ¥ and another with
hot—cold~work at 1650° F, Sections of discs with both types of fabrica—
tion were submitted for study at the University of Michigan for the NACA,
The principal obJects of this investigation were to determine the level
of properties developed in large contour forgings of 19-9DL alloy, to
evaluate the effect of the temperature of hot—cold—work in these large
forgings, and to show the degree to which the properties of bar stock
could be reproduced in large forgings,

The investigation was limited to room temperasture and 1200° F
These are the two temperatures &t which properties of materials have
been considersd indicative of the performances of rotor disces in current-
Jet engines, Satisfactory room—temperature properties are needed to
wlthetand the high stresses existing at low temperaturses near the hub,
Good properties at 1200° F are believed to be a necessary requirement
of material near the rim of the discs.

The discs were forged by The Canton Drop Forging and Manufacturing
Company. The U, S. Air Forces, Air Materiel Command at Wright Field, in
cooperation with the Universal-Cyclops Steel Corporation and the General
Electric Company, arranged to furnish the test discs.

These large contour discs of 19-9DL alloy are part of a serles of
dlsce of verious alloys which are being studied. The results ocbtained
from investigations on large discs of 19~9DL, CSA, low—carbon N—155,
Timken alloys are given in references 1 to 5,

This work was conducted at the University of Michigan under the

gponsorship and with the financial assistance of the National Advisory
Committee for Aeronautics.

DESCRIPTION OF DISCS
Information concerning the two discs of 19-9DL elloy is summerized
ag followa:

Steel producer:

The Universal—Cyclops Steel Corporation, Bridgeville,
Penngylvanis



Dige manufacturer:

The Canton Drop Forging end Manufacturing Compeny, Canton,
Chio

Chemical composition:
Both discs were produced.from heat B-11728. The chemical

composition was reported to be the following percentages by
the Universal—Cyclops Steel Corporation:

c Mo Si 2 S Cr N M ¥ Ch

0.29 1l.l12 0.69 0,018 0,010 19.23 9.03 1.27 1.58 0.38
Fabrication procedure:

The followlng information, concerned with fabrication of the
two discs, was suppllied by the menmufacturers. Both discs were
Pabricated the same way with the exception of the temperature of
hot—cold—working given in item (9) in the following:

(1) 24,000-pound. basic elsctric—arc heat

(2) 15%- by 15-32'-1nch, 2600—pound ingot with flat sides

(3) 8% by 8L-inch, 350-pound slugs were used for the indi—
2 2 ’
vidual discs

(k) 2100° F for II% hours; 18 blows with 25,000-pound hemmer;
bottle—die working; air—cooled

(5) 2100° F for 14 hours; 9 blows with 35,000—pound hammer;
first blocker; air—cooled

(6) 2100° F for 6% hours; 14 blows with 35,000—pound hammer;
gecond blocker; alr—cooled

(7) Flash machined off and spot ground after bottle—die and
gecond—block operations

(8) Solution treatment: 2150° F for 2 hours; quenched in warm
water

NACA TN No. 1532 3.
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(9) Hot—cold—work:

Disc EXChh: 1250° F for 8 hours; 1k blows with 35,000-pound
hammrer

Disc EXCh6: 1700° F for 3 hours; dropped to 1650° F for
3/4 hour; 22 blows with 35,000-pound hammer

(10) Stress—relief ammneal: 1200° F for 10 hours; air—cooled

The shape of the contour forgings i1s shown in figures 1 and 2. The
dlscs were approximately 20 inches in dlameter and welghed approximately
325 pounds. The size of the gquarter sections tested at the University
of Michigan is shown in figure 3.

EXPERTMENTAT, PROCEDURE

The forgings were made at The Canton Drop Forging and Manufacturing

Company uvnder carefully controlled and recorded production conditions.

Two of the discs prepared, EXChL and EXCL6, were cut in half., The Canton
Drop Forging and Manufacturing Company conducted physical tests on the
center of each disc. Approximately one—half of each disc was sent to

the General Electric Company where similar tests were conducted. Approxi-—
mately one—quarter of each disc was supplied to the Universlty of Michigan
for the NACA program. The other quarters were sent to the Unilversal—
Cyclops Steel Corporation., Data reported by other leboratories have been
included in this report. (See figs. 1 and 2 and table I,)

The following testing program for the one—quarter sections furnished
the University of Michigan was decided upon:

(1) Tensile tests at room temperature and 1200° F
(2) Rupture tests at 1200° F

(3) Creep tests of 1000-hour duration at 1200° F under stresses of
20,000, 25,000, and 30,000 psi

(4) Hardness, tensile, and rupture tests to show the uniformity of
the disc material

(5) Stability tests on the specimens after testing

The maJor emphasis was placed on the properties of radial specimens
from near the rims of the discs because the rim i1s heated to the highest
temperatures during service, Data for stress and time for total deforma—
tion were obtained from the elongation curves from the rupture and creep
tests. Stability characteristics were estimated by hardness, tensile,
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and impact tests and by metallographic examination on the specimens after
creep and rupture testing. :

The test specimens were obtalned from coupons cut from the discs
according to the diagram of figure 3. This drawing shows the location
of the specimens and an identifying code. In the code the letters W, X,
Y, and Z refer to the locations of the coupons with respect to the faces
of the discs. Tensile and creep tests were conducted on standard = =
0.505—inch—-diameter specimens, Tensile tests from the center portion of
the discs wers on 0,250-inch-djsmster specimens because the shape of the
disc section supplied for testing limited the amount of material available
in this location. The specimens for rupbture tests were of 0.160—inch
diameter and were obtained from locations in the large coupons as indi-—
cated by the dashed lines in the drawing of figure 3.

RESULTS

Hardness Surveys

The disc which had been hot—cold—worked at 1250° F, EXCLL, was
higher in hardness than disc EXCW6, which had been hot—cold—worked at
1650° F, (See figs. 4 and 5 and table II.) Disc EXChL had a Brinell
hardness range of 212 to 287, although most of the hardness values werse
from 230 to 260. The principal PBrinell hardness range for disc EXCLE
was 205 to 220, In generael the hardness of the discs was higher near
the center than near the rim. They also were harder near the two flat
surfaces than in the interior. These hardness differences, however,
were not so pronounced in EXCh6 as in EXChlk,

Short—-Time Tensile Properties

The tensile properties at room temperature and 1200° F are summa—
rized in table IT, :

The tensile and yield strengths of the dimc hot—cold—worked at
1250° F were higher at both room temperature and 1200° ¥ than those of
disc hot—cold~worked at 1650° F. The 0,02-percent—offset yield strength
for EXCLhY averaged approximately 70,500 psi while the corresponding
strength for EXCL6 was 39,000 psi, At 1200° F the 0.2—percent—offset
yield gﬁzength was approximately 66,000 psi for EXChk and 43,000 psi
for EX . '

The ductility of disc EXCLY was lower than that of EXCLE. At room
temperature the elongations of radial specimens from the rims of EXCLL
and EXCL6 were approximately 26 and 34 percent, respectively, and at
1200° F the selongations were 13 and 29 percent, respectively. The disc
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hot—cold—worked at 1650° F did not show the marked drop in ductility
exhibited by the disc worked at 1250° ¥ when tested at 1200° F,

The properties of specimens from various locations in the dlscs
were quite uniform, The only indication of a marked difference between
locations was the lower ductility of center specimens and of tangential
specimens from the surface near the rim of the disc worked at 1250° F,

Ruptﬁre Test Characteristics

The rupture test data obtained at 1200° F are given in table III,
These data asre plotted on double-logerithmic coordinates to give the
curves of stress against rupture time in figure 6. The rupture strengths
for definite time periods, indicated by figure 6, are included in table III
together with the estimated ductilities to fracture. The rupture strengths
of disc EXCh4, which had been hot—cold—worked at 1250° F, were 47,000
and 38,500 psi for rupture in 100 and 1000 hours. Corresponding strengths
for disc EXCLE, which had been hot—cold-worked at 1650° F, were 36,500
and 32,000 psi. The ductility to rupture of disc EXCh) was very low,
being only 1 to 3 percent for fracture in time periods of 100 to
1000 hours. The comparative ductility of EXCL6 ranged from about 20 to
14 percent.

Rupture specimens from various locations in the disce were tested
for uniformity at stresses which were expected to cause fracture in
approximately 100 hours. The radial specimens from the center of the
disce near the rim all ruptured in shorter time periods then the speci-
mens from the four other locations listed in table III. The longest
life was obtained from tangential specimens taken near the surface and
rim. These tangentisl specimens lasted 534k and 463 hours for disce EXChh
and EXCL6, respectively, as compared with a 100-hour life for center—
plene radial specimens near the rim, Rupture test ductilities of the
specimens from the four locations were as good as or better than the
ductilities on center—plane radial specimens with the exception of the
center—plene tangential specimen of disc EXCAK6 which had very low
ductility.

T4me-Deformation Characteristics

Curves of stress against the logarithm of the time required for
total deformations of 0.2, 0.5, and 1 percent at 1200° F for the two
discs are shown in figures 7 and 8, Curves for rupture time and for the
transition to third—stage creep have been added In order to describe
completely the deformation cheracteristics of the two discs. The data
for these figures, summarized in table IV, were taken from the time—
elongation curves obtained during the creep and rupture tests.

The stresses used in the creep tests were too high to provide suffi-
cient data for a curve for O.l-percent total deformation, Table IV
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includes the data for 2- and S5-percent total deformation for disc EXCL6,
These higher deformation values were not cbtalned for disc EXChL because
the total deformations of the speclmens were less than 2 percent,

In general the disc hot—cold—worked at 1250° F required a higher
strees far a given deformation and time period than the disc worked at
1650° F, The difference between the two disce decreased with time, and
there wag less difference the smaller the totel deformation., The stresses
to cause various total deformations in 1, 10, 100, 1000, and 2000 hours,
as defined by the curves of figures 7 and 8, are summarized and compared
in table V.

‘Creep Strengths

Data teken from the time-elongation curves for creep tests including
total deformation in 100, 500, and 1000 hours and creep rates at 500 and
1000 hours are shown in table VI, The creep rates at 1000 hours were the
minimm rates obtained from the tests with the exceptlion of the test at
30,000 psi on disc EXCL6, which entered third—stage creep before 1000 hours
had elapsed. Mnimm creep rates from both the creep and rupture tests
ere plotted against stress on double—~logarithmic coordinates in flgure 9,
The creep strengths obtained from the curves of figure 9 are as follows:

Stress (psi) for creep rates of —
Disc :
0.0001 percent/hr 0.00001 percent /hr
EXCLL 34,500 16,000
EXCh6 27,000 815,000
8Fetimated.

The creep strengbths also show that the superiority of the disc cold—
worked at 1250° F decreases with time and with the rate of defarmation.

Extrapolation of the transition curves of figures 7 and 8 indicates
that increasing creep rates ere to be expscted on both disc materials at
about 2000 or 3000 hours under stresses corresgponding to the creep
strengths for g rate of 0,0001 percent per hour. This means that it
would not be safe to use these creep strengths as a basis for design for
longer time periods than 2000 or 3000 hours., The creep strengths for a
rate of 0,00001 percent per hour, however, probably can be used safely
Pfor mich longer time periods.
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Stability Cheracteristics

Very little change in tensile, impact, and hardness properties at
room temperature occurred as a result of creep testing at 1200° F as is
shown by the test deta in table VII. The original materials were quite
responsive to e magnet but responded very little after creep testing at
1200° F,

Photomicrographs of the original meterial and completed—creep— and
rupture—test specimens are shown in figures 10 to 13, The grain size of .
both discs was 5 to 6, and there was no apprecigble difference between
the centers and rims, Some of the specimens examined, however, had
gomewhat larger grain sizes, There were numerous grains which appeared
to have a eutectlc type of structure. In bar stock these are usually
broken up into stringers of excess constlituents. In the disc cold—
worked at 1650° F, EXCL6, these grains of excess constituents were much
larger in the center than at the rim,

Some precipitation of fine particles occurred in the structure of
both discs during creep and rupture testing at 1200° ¥, More of this
precipitation seemed to appsar in the rupture specimens than in the
creep specimens, There was remarkebly little differemce in structure
between the sgpecimens from the two discs in spite of the difference in
gtrength end wide difference in ductility. The grains in rupture speci—
mens from disc EXCL6 were, of course, elongated in accordance with the
high ductility of this disc, while those from disc EXCU4 showed no
distortion in accordance with the low elongation to fracture.

On the basis of physical properties after testing the indications
of structural instebility were slight, Tt 1s possible that the low
ductility of disc EXChh in the rupture test—was due to a structural
change during testing. The grains of excess constituents were probably
ferrite with precipitated carbides. The disappearsnce of magnetism
after testing at 1200° F suggests that the ferrite was transformed to
slgme phage without-an appreciable effect on properties.

Data from Teats in Other Laboratories

Sections from both dlscs were examined for room—temperature hardness
and tensile properties by The Canton Drop Forging and Manufacturing
Company and by the Generel Electric Company. The data reported are
summerized in table I and figures 1 and 2. In general these results
agreed. very well with those given Iin this report. They have an added
advantage in that specimens from very near the center could be tested to
show ductility.

The tests by these two companies show that there are soft spots
near the stub shaft and near the pilot hub. In disc EXChL where most of
the Brinell hardness values ranged fram 250 to 270 the hardness at the
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soft spots fell to about 210 and 200. In disc EXCL6 the soft spots had
hardness values as low as 179, while other parts of the disc ranged
from 207 to 229.

The ductility of the tensile specimens from the center of the discs
was mich lower than the radial specimens near the rim. In EXChk, the
disc which was hot—cold—worked at 1250° F, specimens teken in the
vicinity of the soft spots had elongations as low as 3.5 percent as
compared with 20 to 30 percent 1n other locations in the disc. Soft—
spot specimens in disc EXCL6, which was hot—cold—worked at 1650° F, had
as low as 5,5-percent elongation as compared with 33 to 38 percent in
other locations.

DISCUSSION OF RESULTS

A1l the data show that the disc EXChk, which was hot—cold—worked
at 1250° F, had higher strength than the disc EXCh6, which was hot—cold—
worked at 1650 F, The higher rupture strength of EXCh: was accompanied
by low ductility in the rupture test. These findings are in general
agreement with the results to be expected for the two processing pro—
cedures. Hot—cold—work at temperatures as high as 1650° F does not
produce nearly so high physical properties at room temperature or 1200° F
as does hot—cold-work at temperatures below 1500° F. Hot—cold—work at
these lower temperatures after a solution—treatment is accompanied dby
low ductility in the rupture test.

Quite good uniformity of properties was shown by the hardness and
tenslle data, except for the regions of low hardness, strength, and
ductility in the center of the discs., This is a trouble inherent to
portions of the forging where the metal is not properly worked during
the upsetting operation necessary in the manufacture of such disce. The
contour—forging process approaches the maximum possible uniformity of
working of the metal, but it is very difficult to develop a suitable
procedure that will properly forge certain areas in the centers of the
discs.

The rupbture strengths appear to be a minimm for specimens taken
radially from the center of the discs near the rim, The rupture and
creep strengths reported are based on such specimens and are therefors
probably conservative.

Rupture specimens from the soft spots 1n the center of the disc
could not be obtained from the quarter section supplied. It is possible
that these would have had inferior rupture strength. This is not critical
in engines which operate with a cool center.

Extrapolation of the curves of stress against rupture time, time for
total deformation, and creep rate suggests that the properties of the
disc which was hot—cold—worked at 1650° F would be equal to those of the



10 NACA TN No. 1532

disc which was hot—cold—worked at 1250° F at time periods of about

10,000 hours. The difference in.slope of these curves is probebly the
result of the difference 1in structural stabllity of the materials, The
particular gtructure developed by hot—cold—work at 1250° F is, presumably,
less stable than that developed by working at 1650° F,

Properties developed in 19-—9DL discs by forging alone are dependent
on the heat treatments during heating for forging, the rate of reduction
during cooling, and the finishing temperature. In the as—forged condi—
tion, therefore, a wide range in properties is theoretically possible,

A large cheese farglng of 19-9DL previously investigated had properties
quite similar to the contour disc worked at 1650° F, (See table VIII.)
The contour disc worked at 1250° F had much higher properties, except
for low rupture test ductility. A lower finishing temperature or a dif—
ferent rate of reduction with temperature could have changed the com—
parison, as 1s Indicated by the bar—stock data in table IX.

High ductility in the rupture test seems to be characteristic of
the as—forged condition. Apparently the working of the mstal at the
higher temperatures produces the structure necessary for good elongation
at prolonged fracture time periods. dJudging from the bar-—stock data, a
properly controlled forgling operation alone could produce a better com-
bination of strength and rupture test ductility than the usual separate
hot—cold—working operation.

Dgte are not available for discse solution—treated and free from
cold—work. The bar—stock date in table IX suggest that such discs would
have high strength for low rates of deformation and long time periods
at 1200° ¥, Tensile strengths would be low. The ductility in the
rupturs test would be fairly good.

The information available concerning the contour forgings reported
herein does not permit an estimation of the degree of reduction during
hot~cold—working, In general, however, the data indicate that the
properties of bar stock are reproduced fairly well in large forgings
when the processing procedures and heat treatments are simllar. The
gtrength of the discs at high temperatures tends to be somewhat lower,
probably because it is not possible exactly to duplicate conditions of
bar stock in large forgings. Insofar as is yet known, the hot~cold— )
working and heat treatment have such pronounced effect on properties by
developing a size and dispersion of precipitated particles favorable to
high—temperature strength. ©Strain hardening from hot—cold—work is
probably an added important influence.

The data for large forgings of obther alloys included in table IX
from references 2, 3, and 4 show that any comparisons between discs made
from different alloys must consider the processing procedure used in
their manufacture as well as the chemical composition. The 19-9DL disc
hot—cold—worked at 1250° F had lower tensile properties but higher
rupture strengths than the contour discs of Timken alloy. Both
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19-9DI. discs were superior to a disc of hot—forged CSA alloy but were
inferior to a disc of low—carbod N—155 galloy. The comparisons would
probably change for any of the alloys if the discs were produced under
different conditions.

In appraising the data presented in this report, consideration
should be given to two factors. The degree of reproducibility of the
properties quoted will depend on the control exercised in production.
Both higher and lower properties are possible if the processing condi-
tions are allowed to vary. In addition, all the comparisons and analyses
have been based on properties at room temperature and 1200° F. The
effect of processing conditions on properties changes with temperature,
and in particular hot—cold—worked materisls rapidly lose their superi—
ority as the service temperature is increased sbove 1200° F even for
time periods less than 1000 hours.

CONCLUSIONS

From a study of the properties at room temperature and 1200° F of
two large contour—forged discs of 19-9DL alloy the following conclusions
were mede:

1. A solution treatment followed by hot—cold—work at 1250° F pro—
duced a higher level of properties in a large contour rotor forging than
when the hobt~cold-work was done at 1650° F except for lower ductility.

2. Extrapolation of the data predicts that for time periods longer
than approximately 10,000 hours the disc which was hot—cold—worked at
1650° F would have properties equal to thoese of the disc which was hot—
cold—worked at 1250° F,

3. Considering their size, the contour—forged discs had excellent
uniformity. The disce dild, however, have soft spots at the center with
relatively low hardness, room—temperature strength, and ductility char—
acteristic of this type of forging. The rupture and creep data reported
are probably conservative because they were obtalned from radial speci—
mens at the rim which apparently have the lowest strength in the discs.

4, The properties of large discs are quite similar to bar stock
when both are heat—treated and hot—cold—worked in & similar menner,

5. Discs made from various alloys caennot be compared on the basis

of composition alone. Relative properties vary, depending on the pro-—
duction procedure.

University of Michigan

Ann Arbor, Mich., March 10, 1947 .
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TABIE I

PHYSICAL PROFERTIES REPORTED BY THE CANTON DROP FORGING AND

MANUFACTURING COMPANY ON CONTOUR DISCS OF 19-9DL ATIOY

Disc EXClk
(Solution—-treated; hot—cold—worked at 1250° F)

Becticnal PBrinell herdness

Principal renge 255285
Maximum reading 302
Soft spot at center near stub shaft 217229
Soft spot at center near pllot hub 202207
Roam—temperature tensile properties
Tengile Yield Reductlon
" Bpecimen location strength int %la;z;é?n of area
(psi ?;Bi) e (percent)
Central, horizontel, .
near gtub shaft 100,000 89,500 ' 8.5
Central, horirzontal 117,500 96,500 9.5 k.2
Central, horizonbal,
near pilct hub 101,500 72,500 19.5 26.2
Disec EXChE
(Solution—treated; hot—cold—sorked at 1650° F)
\
Sectional Erinell herdness
Principal range 207229
Marimm reading 235
Soft spot at center near stub shaft 192-197
Soft spot &t center near gilot b 179187
Room—temperature tensile properties
Tensile Yield Reductlon
Specimen location strength olnt %logg:zﬁn of area
(psi %psi) pe (percent)
Central, horizontal,
neer stub shaft 86,000 60,000 12,5 18.5
Central, horizontal 97,600 66,200 k.5 20.%
Central, horlzontal,
nesr pilot hub 83,000 59,000 8.5 ik.9
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TARIE IT

SHORM-TIME TERSILE PROFPERTIES (F CONTOUR DISCS F 19-9DL ATIOY

Offeet yleld str h Propar—
Die Specimen ilg::imn Tompera~ | Tensile (pet) engt t1opal Elongation | Rsdnction Erinell
c Tmber tian 'l:'%o atm:u?t.h 1init (1!1 2 in, of eree herdness
(a) ) (pat 0.02 perast | 0.1 parcent | 0.2 peroeat | (pet) | Rerdemt) | (peroent)
rXChh ¥ CRR Room 118,250 70,000 85,500 91,000 k7,300 24,5 31,2 252
(Bot—cola~ | 6Y CHR Room | 119,375 67,500 83,500 8,500 45,000 26.5 35.6 253
worked st Ix SRR Rooer 118,500 2,000 85,000 90,000 57,500 28.0 k6.9 2k
10500 ¥) 62 8RR Room 122,125 72,500 87,000 91,500 57,300 26,5 ho v 253
9Y CIR Room, 15,000 68,000 81,000 86,000 50,000 2.0 36.9 236
X STH Room 122,000 72,000 84,500 91,500 4,500 12,5 22,3 288
1 CRO Room 128,100 72,000 §1,000 98,200 ,900 %19,0 9.7 —
Paxy o CRO Rom | 116,000 65,600 81, 000 92,900 45,800 ©10,0 13.8 -
Ly CRR 1200 75,000 | ~weeme 61,000 &, 800 32,500 15.0 26.1 ---
Lx seR 1200 7,500 [ -=mee- 62,000 66,500 22,500 1k.5 25.3 ——
3% SER 1200 13,800 | ------ i et B 12,5 28.% —-
9% B8R 1200 w3 | - 63,000 67,000 37,500 8.5 1h. % ——-
[ ]
EXC6 3Y CRR Room 102,850 32,000 50,000 56,750 12,500 n.s 39.4 203
{Hot—oold— 6Y CRR Roost 100,750 38,500 51,000 ,500 25,000 31.0 37.8 212
wirked at s ¢ 8FR Room, 102,300 39,000 53,000 =3 250 20,000 37.0 4o.8 200
1650° ¥) 6z, SRR Roow, 10k,500 b, 000 ,000 60,500 35,000 H».5 k1.7 215
oY CTR Room. 104,750 40,500 53,000 57,000 17,500 3.0 LY 207
9% 8T Room 109,750 k8,000 59,000 £3,500 27,500 33.0 h.o 203
Baxea CRO Roow | 106,900 18,900 59,000 £3,500 ,500 ©35,0 31,5 —-
baxe o CRC Boow | 106,900 3 53,000 63,100 28,500 29,0 3.5 ———
kY CRR 1200 57,000 | omee-- 39,000 k1,800 25,000 2,0 h6.3 -
3z SRR 1200 ;75'0 ------ ~ ]‘1,509 h‘lll')w) m_lm 3.0 5.2 o=

8CRR centerplane radial spscimen near wim of dise.

SHR surfabe-plens radlal speoimsn near rim of disc.

CIR aenter—plane tengential apecimen nesr rim of disc.

BIR surface-plane tengential specimen near rim of diac.

CRC certer—plans radisl spscimen nsar center of digc.
bESpacinens from center of disc were 0.250-in, in dimmetzr with a )—in. reduosd ssctiom.
CElongation, percent In 1 in,

¥t
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NACA TN No. 1532

TARLE ITT

RUPTURE TEST CHARACTERISTICS AT 1200° ¥ OF CONTOUR DISCS OF 19-9DL ATIOY

Specimsn Rupture Elongation Reduction
Disc SP°°1§§n location ?;'Ia'g‘)“’ time in 1 1in, of area
o (a) (ar) (percent) (percent)
mxChl iy CRR 50,000 35 3.5 2.3
(Hot—cold~— 1y CRR 45,000 186 2 2.3
worked at 3Y CRR 40,000 764 2 3.0
1250° F) 3Y CRR 37,500 1025 1 2.5
Ly CRR 36,000 1864 1 5.1
47 8RR k7,000 517 > 2.3
9Y CTR 47,000 105 3 2.6
9% STR k7,000 534 2 5.0
N 8Y-C CRC k7,000 215 3 3.7
EXCL6 3Y CER 40,000 31.5 25 57.8
(Hot—cold— 3Y CRR 37,500 48 17 18,0 -~
worked at 3Y CRR 36,500 69 23 51.0
1650° F) 3Y CRR 35,000 661 19 40,8
ky CRR 3k ,000 72 20 k9.6
1Y CRR 32,500 0 1) k3.7
8z SRR 36,500 322 23 k3.2
9Y CTR 36,500 i85 2 2.3
9x STR 36,500 463 20 k6.0
8¢ CRC 36,500 276 19 k7.4
Rupture strength
Spec;.msn Stress (psi) for rupture in —
Disc locatlion
(a) 10 hr 100 hr 1000 hr 2000 hr
EXChh CRR b5y 0 47,000 38,500 35,500
EXCL6 CRR P10 36,500 32,000 b31,000
Rupture ductility
Specimen Estimated elongation (percent) *o
Disc location Tupture in —
' (2) 10 hr 100 hr 1000 hr 2000 hr
EXChlL CER 4 3 1 1
EXch6 CRR 25 20 1k -

8CRR center-plane radisl specimen neer rim of disc.

SRR surface—plane radial specimen near rim of disc,

CIR center-plane tangentisl specimen neer rim of disc.
STR surface—plane tangentisl specimen near rim of disc.
CRC center—plane radlal specimen near center of disc,

DObtained by extrapolation.




TARTE IV

DATA OM BYHESS AND TIME FOR TOTAT, IFORMATION AT 1200° F FOR CORTOOR DISCS OF 15-G00 ALLOY

Thitie1 Tine (br) for total defarmabiona of — ﬂmwt"
Disc Specimen | Btreas deformetion
momberr | (pei) {parcent) - FHme | Deformetion
0,1 parcent | 0.2 peroent | 0,5 paroent | 1 percant | 2 percent | 5 perocent {kr) | (parcent)
EIchk 1y | =0,000 0.099 1 23700 - " - - - —_— —
{Hot—oold—
T at x| e5,000 A3k - k90 —— -— - - —_—
1250° ¥}
1z | 30,000 J160 - 18 —_— -— — - e |
Ly 36,000 75 - LT} 700 --- —— — 1850 0.90
;T | 37,50 29 - Lo k20 === - - 990 .70
3x | k0,000 .20 - ---- 36 520 - - ™3| 1.5
X 45,000 ) - ---- 1 120 --- --- 20| 1,00
¥ 50,000 .27 - -—— ——- -~ —n -—- — —
he ¥, |20,000 .09L 4 %1600 --= --- - -—- ———- -—
(Bot—cold—
worksd ab X 25,000 .1e7 - 132 - - - - R
165%° ¥)
1z 30,000 167 - ! 665 - haad - T60 S
i 32,500 175 - 3 13 e 320 T2 500 2,65
kY {3h,000 20 - - g 19 ™ 30k mo| 25
k) 35,000 21 - ———— - s) 257 531 opx 1.8
;| 36,500 .23 - ——- 1 18 e
k44 37,500 23 - — -— — g bog U
T [a0000| .32 - — — - by 15T N [ P

20btainsd by extrapolation from oreep ocurve,
PEytinated Trom rupture curve,

91
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TAELE V

TIME-DEFORMATION STRENGIES AT 1200° F OF CONTOUR DISCS OF 19-9DL ALLOY

Total Stress (pal) to cause totel deformation In —
Disc deformation
(percent) 1 hr 20 hr 100 hr 1000 hr 2000 hr
EXChY 0.2 38,000 33,000 28,400 23,500 822,000
(Hot—oold~warked
at 12500 F)
5 k5,000 41,800 38,700 35,800 |  ~meeee
1,0 | smmeee | memmees k5,500 38,000 | @ ~=----
Prangition | ~===-- | em-e-- 46,000 38,000 | ------
FXCh6 0.2 31,000 28,000 25,000 21,500 820,500
(Hot—cold—warked
at 1650° ¥)
5 34,500 32,900 31,200 29,800 |  -m----
1.0 36,300 34,600 32,800 | eemem [ mmeme-
Trangition | ~=---- | =m=ees 36,000 30,300 | veem--
“Estimated.

ON NI VOVN
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CREEP TEST DATA AT 1200° F FOR CONTCUR DISCS OF 19-9DL AITOY

graggli}%gg;; Tnitial Total deformation Creep rate
Dige deformatian (percent) at — (percent /i) at —
Stress | Duratlon | (percent) | 004 | s00me | 1000k | 500hr | 1000 b
(psi) (br) ’ ’
Exchh 20,000 1006 0,099 0.125 0,150 0.164 0.000030 | 0,000016
(Hot—cold~
worked at
12500 F) 25,000 1005 A3k 170 .200 221 000050 . 000025
1 30,000 1129 .160 .233 .280 .305 . 000075 000035
EXChé 20,000 1006 .091 .128 .158 .180 . 000045 ,000030
(Hot—cold~
worked at
1650° ¥) 25,000 1006 A27 .193 L2h2 282 .000085 . 000070
30,000 1124 167 .328 150 .600 .000270 000340

81
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TARLE VII

EFFECTOFCREEPTETEGATEMOFONTEEROOM-MATUREPEIBICALMOPKRTES0FGON‘1‘OURDIBCSO.?19—9DLAII.UY

Regldual room-temperaturs properties

Prior o
testing Offaet Tzod
Dlac ?:;;mn conditians Tensile yleld strength Propartional | Elongation | Reduction impact Tick
™ | Strose | Time | Ftrenath (pei) limit .fn2in, | of area | strength | orers
(pst) | (m)| (P82) (pe1) (percent) | (pevcent) | (£t-1b)
P ’ 0.02 percent | 0,1 percent | 0.2 percent (a)
EXChk (v) (o) | (e) | 119,600 70,500 85,300 90,500 51,900 26 39 20, 20 | dakaphy
(Hot—cold— . %260
worked at
12500 T)
17 30,000 | 1129 | =~mmmmns | wmemen | aeaee [ aceen ] meeeen ——- ———— 28, 33 290
1x 25,000 | 1005} 127,250 60,000 78,000 86,000 25,000 2.5 b3, 1 | ~emee- ——-
1Y 20,000 | 1006| 12,000 66,000 81,000 86,200 35,000 21.5 27.2 | —eem-- —
EXChE (v) (e} | o) | 202,500 39,000 52,500 58,000 23,100 34 ko 27, 29 |[4210-16
(Hot—cold— ®po7
vorked at
1650° F)
of 12 ]30,000| 2@ | sesmews ] mmmmee ) emeee | emmeee | e ---- -enn 31, 33 226
x 25,000 1006{ 103,750 k2,000 52,000 58,000 25,000 29.3 37,2 | =neee- -
A 20,000 1006| 104,000 k2,000 54,000 58,800 - 27,500 28.0 251 | ------ ---

3 Tupact-apecimen size:

Center rim,
®Canter,

0.365-In. amguare with a 0,050-in.-deep V-notch,
Averags of tests on center and surface specimens at rim of diec,
"Soriginal copditicn,

G€GT "ON NI VOVN
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TAELE VIII

NACA TN No. 1532

OOMPARATIVE PROPERTIES OF THREE LARGE DISCS OF 19-9DL ALLOY

20-inch-diamster
Type farging Contour dimc EXCh: Contour disc EXCLE choes? gorging
2
Heat number B1728 F11.728 BLO429
Chemical composition, percent:
c 0.89 0.29 0.33
Mn 1.12 1l.12 1.1k
81 0.69 0,69 0,65
cr 19.23 19.23 19.10
Hi 9.03 9.03 9.05
Mo 1.27 1.27 1.35
w 1.58 1.58 1.1k
Ob 0,38 0.38 0.35
T4 0.43 0.43 0.16

Fabricaticn

Hot—farged; 2150° ¥
2 hr, water—quenched;
hot—cold—wrorked

at 1250° F;

1200° F, air—cooled.

Hot—forged; 2150° F,
2 hr, water—quenched;
hot~cold-worked

at 1650° F;

1200° F, air—cooled.

Bot-forged to 16%0° ¥
1200° ¥, air—cocled,

Brinell herdness boygon3 b200-223 b202-208
Room~temperature tensile propexrties:
Tensile strength, psi 1’%_1 ,600 b302,500 byox, 700
0,02-percent—offset yleld strength, psi 70,500 b39,000 b39,275
0.1-percent—offset yield etrength, psi bgs, 250 b5, 500 550,500
0,2-percent~cffset yield strength, psi b90,ggg 'b58,000 5700
Elongation, percent in 2 in, bay b30,2
Reduction of area, percent ®3g.1 bh1,9 30,7
Teneile properties at 1200° F:
Tensile strength, psi 75,300 s 57,875
0.2-percent—offaet yleld strength, psi 65,650 42,900 37,900
Elongation, percent in 2 in, 13. 30 34,0
Reduotion of ares, percent 26, 49.8 L7.%
Rupture characteristics at 1200° F:
100 rupture strength, psi . 47,000 36,500 40,000
100-hr rupture elongation, percent in 1 in, 3 20 27
1000-hr rupture strength, psi 38,500 32,000 34,000
1000-hr rupture elongetion, percent in 1 inm, 1 1 16
Time-deformation strengths at 1200° ¥, psi:
0.1 percent in 10 hr 16,000
0.1 percent in 100 hr 14,000
0.1 peroent in 1000 hr 12,000
0.2 percent in 10 hr 33,000 24,000
0.2 percent in 100 hr 28,k00 21,000
0.2 percent in 1000 hr 23,500 17,000
0,5 percent in 10 hr 41,800 29,000
0.5 percent in 100 hr 38,700 , 000
0,5 percent in 1000 hr 35,800 29, 23,500
lpercent In 10 | ee;eaa- 34,600 32,500
1 percent in 100 hr k5,500 32, 29,000
1. percent in 1000 hr 38000 | 0 eeee-- 26,000
Transition in 100 hr 46,000 36,000 39,000
Trangiticn in 1000 hr - 38,000 30,300 33,000
Creap strengthe at 1200° ¥, psi:
0,0000L percent 16,000 15,000 11,000
0.000 percent 34,500 27,000 25,000

SDzta from reference 1.
bAverage values for radial specimens.
CEptimated.
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TANIE IX
COMPATATIVE PROPIEYIRS (OF DIBCS AND BAR STOGK OF 19-9IT ALLOT JOD DIS03 OF 0EA, LOV-OAHBOW N-175, AND TIMCEN ALIOTS
Ercosaaing

& Botm-tomparature physical propertion -

ot ] () Ropture mroperties at 1900° ¥ for

Iype meterial eat = troe Tonalle i wirongth 100 hr 1000 ke

= .- = Sl = i . s [ b Tm_"!’)!‘ Brinall tlon . o
Lagda Oooling ez stien | P peroont hardness Lo
}’3‘,‘; ) | (2 ?‘3.,"‘; (peroent) ?rg‘; () ey 0.02 poroent | 0.2 peroent (_P"j (perccet) | (md] | (pavoomt)
Oonton: fisc EXDhk| HIITES | 2150 | 2 | W& 185 {3 1800 | 10 | 119,600 70,500 90,500 2% oh6emy | by,000 5 38,500 1
Comtows diso EICAG| M1708 | 2150 g w.Q. 1650 {k) 1800 10 | 102,%00 39,000 =43,000 % 200223 36,500 20 32,000 1
m;; Si;??' Hokg | (6) {6y | (6) e o 200 | (7)| 10,700 B2 5k, 700 0,2 |202-p0d | ko,000 a7 3,000 16
B stockd sl 9 @@ | - | - | ] |00 | gm0 6,025 ¥ lenod |ag00| e | 3w |
Par stbook 20 ms3 ® [ © - 200 | (7)| 117,000 | sh,500 61,750 ] o218 | k7,000 15 57,000 1
P stock® mogs | (9) [ (9 | (9 1200 | o0 2200 | 1 |amh,e00 | 100,8m 105,000 o w1335 | 5,000 2 %7,%00 3
B wtook® o | ;oo |1 | v e 1200 1 | 162,000 26,500 2,050 = 18618 | ue,000 12 35,000 10
Par wtockB AL0753 | 2050 H W.Q e ————- 1200 1 | 104,250 3,000 58,000 5 . 10k 3,000 13 37,500 8
e ook moma | ee00 |1 [wa | 1200 | 2 1000 | 2 lashoo0 | 8,300 91,500 = o 55,000 1 16,000 3
Par wtockB xoms | 200 |2 | wa w0 | 1200 1 |12e,3%0 | 63,000 93,100 53 ! k9,000 10 45,000 4
Bor mbook’L mioy | @m0 |1 | Ao, 1200 2,35 1200 1 | 168,70 53,000 113,750 % 289 63,000 5 50,000 3
CaA aiea'? meenB | (13) | (3)| (3) | ~— | - 100 | & [07,400 | k0,300 58,300 B |eovms | 35,500 » 30,000 8
Low-carbon ¥-173 sk | (13) [ {13) ] (13) mm——— 1200 2 | 118,200 58,750 2,650 3% BT | 55,000 12 he,000 10
l’ﬂm gmtor | 4515 | (13) | (Q3)| (9) | 1w (6) | w00 | (7)|0e,780 | 76,h00 92,900 m |eoe@ | as,m00 18 3%,000 10
Y r
1300
1

5!1;: gmtcnr 13060 | @0 | 2 | wa, 1850 (15) 1200 | 10 |135,790 61,000 100,100 2 269299 | b, 000 2 94,000 3
1Pttakea oomtour | BB | (13) ()| () | . | @6 | weo | (n[wmam | e 93,500 B ooy | dg000 | 30 | B |

lknrap for radial speolwms on disow. glw-rol.'l..d I

8., vator—quenched,

A.C, air—coaled,
31b b blovs. ;
E‘E bhamar blows. :
|EBu reforenca 1,
|°Bot—rorgsd, ta 1680° ¥,

‘Tﬂ- of wtyess relief pot nom,

Bwilhd. data from the Tniversity of Miohigen,

Wnyte rurniswsd by the Duiversel-Oyulopw
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NACA TN No. 1532

14
@ @
285 285
A,,,,f—*””’r 8 R 5 ok ﬂ47239 8 ‘\\\‘\““-~‘
(o] (*] (=]
255 24| 10 j\
/( 3 I 262 oorr | 285 24 248 o62 262 253(::)
2 285 2ds ! 24| \
o 7 .2 r Ja Y
255 262 255 262 o N
3 .8 o2ss |23 8 S 248¢ 248 |2 l
229 [}
2 o
4 % o229 225 o s 241 269 13 243‘@]
— o8 a 2g9
197
0.505~in., bars pulled at room temperature
0.,0002~percent=
offset yield Tensile | g1ongation | Reduction
Bar strength strength | " (percent) | ,0f area .
(psi (psi) (percent)
1 73,500 118,500 28 48 58
2 71,625 119,000 27
E 72,000 119,000 20.5 E
2 875 121,500 27.5 7.b4
5 6 96,000 2.5 11.89
6 63, ooo 103,500 16.5 2k .76
7 3,500 122,000 12.5 13.38
8 5,250 lod’ ,000 12.26
9 61 500 . 104000 G# %% .27
10 730 116,500 25 '8Z
11 70, 75 116,000 27.5 36.9
12 68,625 117,500 27.5 ﬁg.12
13 76,500 121 ,500 25 .32
7-1 76,500 ’B00 21.5 25,10
T2 73,500 11 ’000 29 .
T-3 72,000 118,000 30.5 k1,57
0.250-in, bars pulled at room temperature
14 58,212 92,400 54 % & 10.81
15 5?,700 100,000 13 18.97
16 57,600 81,600 7 18 16 NACA,

**¥Broke near measured section.
Figure 1.~ Data from General Electric Company on disc EXC44 of 19-8DL alloy.
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23

[ o207 '3’14201: }|
L
15
16
ﬂ? 299 287 1P0 5 282 229 o2
[;‘:’2 27 | 287 of7 287 287 g 287 223 227 10 % 2?2\
207 297 2 ‘2(1)7 217 27 229 5 27 2j7 22 Il 207 207
3 8 12 |
207 217 4 223 2g7 - — 2g7 27 (3 217 2177
2g7 202 187 Q 202 2q7 2
[o] [o] o -
217 183 207
\/
0.505-in,. bars pulled at room temperature
0.0002=-percent- .
offset yleld Tensile | piongation |Reduction
Bar strength strength (percent) of area
(psi (psi) (percent)
1 48,000 100,000 35 §3,38
2 lLE, 750 100,500 33 36 62
13; 4%’ 250 100,500 36 .32
47,625 104,500 36.5 50.29
5 7,500 79,500 9 10.40
6 2,000 78,000 5.5 12.26
g ﬁQ,525 103,500 22.5 25,7
,125 89,000 11 13.7
9 E ,250 83,000 12 16.66
10 8,000 101,000 32.5 k3,38
11 15,000 101,500 3 43,38
12 13,500 101,000 36 43,97
13 16,125 104,000 38 50.29
0.250-in. bers pulled at room temperature
1% 43 k26 gg, 00 14X 13.06
15 41,270 ,800 1k 16.73
16 39,812 89,800 18 19.59 VW 2

*Broke outside measured seotion.

Figure 2.- Data from General Electric Company on disc EXC46 of 18-9DL alloy.
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Figure 3.~ Diagram showing location of test coupons in quarter
sections .of contour discs EXC44 and EXC486 of 19-9DL alloy.
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Figure 4.~ Hardness survey on a half section of contour disc EXC44 of 19-9DL alloy. Brinell hardness;

disc secHon 8.
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Figure 5.- Hardness survey on a half sectlon of contour disc EXC46 or 1¢-9DL alloy. Brinell hardness;

disc section 8.

e

2887 'ON NI VOVN




Stress, psi

Stress, psi

70 000 TT - T — =
80,000 — N Disc EXC44 8
50,000 = >
—0 3
40,000 ____“ =
30,000 Location of specimen in disc g
O Center radial specimen near rim * .
e Surface radial specimen near rim o
20,00 Oﬁ 4 Center tangential specimen near rim 8
: X Surface tangential specimen near rim
00 Center radial specimen near center
500 R
»
2 4 6 8 2 4 8 8 2 4
10 100 Rupture time, hr 1000
70,000 T
60,000 Disc EXC46
50,000
40 ’Om —X_I ] a x s
20 000 — —— — ===
20,000
10,000 '
10 2 4 6 8 100 2 4 ] 81000 2 4
Rupture time, hr ~uE"

Figurs 6,- Curves of stress against rupture time at 12000 for contour discs of
19-9D7, alloy.
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50,000 lq\%\\&f)% elongatlc?:t | I ] ° Rupture telst éata
f‘-:j“ 2% ~Stress-rupture 0 Creep test data
 — F\d\ i tinmie ¥ Extrapolated from
Nh‘*ﬁ—qLJ_. 0.5% . \;& creep data
40,000 . Fi— i S %4 | Transition: Start of |
y =t NN third -stage creep
|| I T~ %% clongation
% T
" Y
% 30,000 8 = AL
: oz
—— . L
zo,oooﬁﬁ._ S| 2
™~ 4L
T 0.1%
10’0001 7 T 2 CRRC R DY 2 £ 68 2 i 6
Time, hr _I@

Figure 7.- Curves of stress against time for total deformation at 1200° F for contour disc EXC44 of 19-9LK,
alloy. (Treatment: Forged; solution-treated; hot-cold-worked at 1250° F; stress-relieved.)
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. ' TRERERRAR
50,000 ® Rupture test data
O Creep test data
Y{ Extrapolated from
RS creep data
40,000 7% 1 L. . Stress-rupture ‘
: %3% ol Hme |
. ™ 19%
-
L‘ - a 1, h?%\iq% e 149, elongation
- + '] LR X ~ | x}\ n
UQJ! I 0 5% T '-‘\
47] N ‘ I N = -""-:..
E 30,000 T L Ol A Trangition: Startof -~
g \\“‘“Mﬁ_] fhj_rd-sta.ge creep
-—‘W\Q\S\J\
— 0.1 ‘—“-ﬁ_ﬁ-‘-__""'
——— - . %i_!L‘ 3:1 .
20,000 T T~
10 000 ! i = y aa ) 4 B & nnn 2
M 1 P 4 b &8 10 4 *® Y100 “ 100U

Time, hr RN v

Figur i ° tour dise EXC46
; e 8.- Curves of stress against time for total deformation at 1200 F for con . :
of 19-9DL, alloy. (Treatment: Forged; solution-treated: hot-cold-worked at 1650° F; stress

melinvrad )
Teucvel. )
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Stress, psi

100,000
000
80,000 — —
70,000
60,000
S0,0QO S ———
40,000 EXC44 f——t—pbe> u
’ T Texcas 1 N A
/O/ » r_,_L—-X"'" Disc Treatment
— O EXC44 Forged; solution-treated; hot-cold- _|
20,000 < I= 3 worked at 1260° I stress-relleved
L - X EXC46 Forged; solution-treated; hot~cold-
worked at 1650° F; stress-relieved
™ snanmes fnck Andanad $hdawd _mbosa creen
\_"7 JACSGLE ooV CGLILGCL G WEILLW Dlﬂ.ﬁu WP ’
10 000 1 [ D S N I O I | L 1 [ |
.00001 00005 .0001 0005 .001 005

Creep rate, percent/hr

TwAra
Myl

Figure 9,- Curves of stress against creep rate at 12000 F for contour discs of 19-9DL alloy, All data at
stresses above 30,000 psi from rupture tests,
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_ 100X 1000X
(2) Radial section near rim of disc in Y-plane.

(b) Radial section near center of disc in Y-plane.

Figure 10.- Original microstructure of contour disc EXC44 of
19-9D1L alloy.

1000X

31
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1000X
(2) Creep specimen 1Z; 1129 hours under 30,000 psi.

T IR
. [ IO

N Y ~_____. i : ; N .__._-‘.‘;__.1.- . .ff-_ _ ..l‘_-.__. o
Fracture - 100X Interior - 1000X ~NACGA

(b) Rupture specimen 4Y; 1864 hours for rupture under 36,000 psi.

Figure 11,- Microstructures of completed 1200° F creep- and
rupture-test specimens from contour disc EXC44 of 19-9DL
alloy. _
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-plane.

100X
() Radial section near rimofdiscinY

1000X

(b) Radial section near center of disc in Y-plane.

100X

Original microstructure of contour disc EXC46 of

Figure 12.-

19-9DL alloy.
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: 100X 1000X
(a) Creep specimen 1Z; 1124 hours under 30,000 psi.

. x : : -" -
| Fracture - 100X . Interior - 1000X _ i

(b) Rupture specimen 1Y; 820 hours for rupture under 32,500 psi.

Figure 13.- Microstructures of completed 1200° F creep- and
rupture-test specimens from contour disc EXC46 of 19-9DL
alloy.



